Purpose: Recent reports suggest that nephrolithiasis and atherosclerosis share a number of risk factors. To our knowledge there has been no previous examination of the relationship between kidney stones and subclinical atherosclerotic disease. We studied the relationship between nephrolithiasis, and carotid wall thickness and carotid stenosis assessed by B-mode ultrasound in the general community using data from the CARDIA study.
1
Their prevalence in young to middleaged adults is approximately 5% to 10%. 2 While the focus of nephrolithiasis research has been on biochemical alterations in local urinary constituents leading to stone formation, abnormalities in urine chemistry alone do not explain many aspects of urinary stone disease. Epidemiological studies have linked nephrolithiasis to vascular risk factors such as hypertension, obesity and diabetes mellitus, [3] [4] [5] suggesting that systemic metabolic conditions in addition to urine composition strongly influence the pathophysiology of stone formation. 
920

www.jurology.com
Given the association between nephrolithiasis and risk factors for atherosclerotic disease, our hypothesis is that patients with urinary stone disease should be at greater risk for other vascular complications. While clinical cardiovascular events are rare in a younger population, subclinical carotid disease is not uncommon. The relationship between kidney stones and subclinical vascular disease has not been previously assessed in young, community dwelling adults. Therefore, we examined the association between urinary stone disease and subclinical carotid atherosclerosis to better understand the possible relationship between these 2 disorders.
METHODS
CARDIA Study Participants and Measurements
The CARDIA study was designed as a longitudinal cohort study of the development and evolution of cardiovascular risk factors in young white and African-American adults. 7 In 1985 to 1986, 5,115 participants 18 to 30 years old were recruited from 4 clinical sites in Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota and Oakland, California. CARDIA participants were selected to have approximately the same number of people in subgroups of race, gender, education (high school or less, and more than high school) and age (18 to 24 and 25 to 30). Participants were reexamined at 6 followup examinations with overall retention rates among those surviving of 91% at year 2, 86% at year 5, 81% at year 7, 79% at year 10, 74% at year 15 and 72% at year 20. Data were collected on a variety of medical conditions, lifestyle and dietary factors, as well as blood measurements believed to be related to CVD. Of the 3,549 participants who attended the year 20 examination 3,258 underwent carotid artery ultrasound examination. The study was approved by an institutional review board at all CARDIA sites.
At each examination cycle the history of kidney stones was assessed by self-report, which has been shown to be highly accurate. 8 We created a variable based on whether individuals ever reported at any of the examinations in which they participated that a doctor or nurse had ever said that the individual had kidney stones, and 189 participants reported kidney stones ever. From a review of hospitalization records obtained during CARDIA followup we identified an additional 11 cases for a total of 200 participants with kidney stones. Of the 153 participants who had at least 1 subsequent visit after stones were reported 115 replicated their report at least once. Therefore, the reliability rate was 115 of 153 (75.2%).
For the current analysis we used cardiovascular risk factor measurements made at the year 0 (baseline) and the year 20 followup examination. 7 Smoking status was assessed using a standardized questionnaire. BMI (kg/m 2 ) was calculated from measurements obtained during the physical examination. Standard methods for measuring blood pressure, fasting total cholesterol, HDL cholesterol, triglycerides, glucose, insulin, uric acid and creatinine were used. 13 Only a small proportion of participants reported diuretic use at the year 0 (32) and year 20 (120) examinations.
Carotid IMT was determined by B-mode ultrasound (GE LOGIQ 700) at the year 20 examination using standard procedures. 14 The maximum IMT of the common carotid, internal carotid and the bulb was defined as the mean of the maximal intima-media thickness of the near and far wall on the left and right sides. A combined ICA/ bulb variable was created consisting of the arithmetic mean of all ICA and bulb measurements. The IMT included the thickness of any atherosclerotic plaque that might be present at the measurement site. Plaque is wellknown to be more likely present in the bulb/ICA than in the common carotid, so the common carotid IMT is closer to a pure measure of wall thickness. The presence of any stenosis (mostly 1% to 24% of the lumen) anywhere in the left or right carotid artery was noted separately. We defined the presence of carotid atherosclerosis as any stenosis and/or bulb/ICA in the upper quartile distribution (greater than 1.02 mm).
Statistical Analysis
Clinical and sociodemographic characteristics of the study population were evaluated by chi-square analysis for categorical variables and ANOVA analysis for continuous variables. Associations between ever reporting kidney stones by the year 20 examination and baseline cardiovascular risk factors were evaluated by logistic regression, controlling for other baseline clinical and sociodemographic characteristics. Risk estimates were reported as odds ratios for ever having reported kidney stones by the year 20 examination per indicated unit (SD for continuous variables or category for discrete variables). Multiple linear regression or logistic regression models were performed to evaluate the association between ever reported kidney stones and several dependent variables at year 20, adjusted for other baseline or year 20 participant characteristics and risk factors, including 1) mean common carotid IMT, 2) mean bulb/ICA IMT, 3) presence of carotid stenosis, and 4) presence of carotid atherosclerosis defined by any stenosis and/or bulb/ICA in the upper quartile distribution. We also analyzed quartiles of common or bulb/ICA carotid IMT as a categorical variable using polychotomous ordinal logistic regression. All regression analyses were performed using the statistical package Stata®/ SE11 with p less than 0.05 statistically significant. In addition, we considered the relationship of kidney stones that occurred at year 15 or earlier (before carotid ultrasound) to carotid atherosclerosis at year 20.
RESULTS
Descriptive Characteristics of CARDIA Participants
Overall mean age at study entry was 25 years and 55% of participants were women. Current smoking, BMI, blood pressure and insulin resistance were higher among African-American than among white participants (all p Ͻ0.001, table 1). By the year 20 examination 200 (3.9%) participants had reported ever having kidney stones and the prevalence was 2.6-fold higher among white participants (5.7%) than among AfricanAmerican participants (2.3%, p Ͻ0.0001).
Carotid IMT was greater in African-American than in white participants (p Ͻ0.01) but the prevalence of carotid stenosis at year 20 was similar in each population (18%, p ϭ 0.82). The prevalence of the composite carotid atherosclerosis outcome of the upper quartile of internal carotid/bulb IMT and/or carotid stenosis was 35% among African-American participants and 32% among white participants (p Ͻ0.05).
CARDIA Participant Characteristics and Kidney Stones
The association between ever reported kidney stones, and various baseline demographic, lifestyle and clinical characteristics at the baseline (year 0) CARDIA examination is shown in table 2. In a minimally adjusted model age, male gender, white race, clinic site, BMI, LDL cholesterol, uric acid and fasting insulin or HOMA index were positively associated with ever reporting kidney stones, and baseline HDL cholesterol negatively predicted ever reporting kidney stones. In a multivariable adjusted regression model only age and race remained significantly associated with kidney stones. Similar associations with ever reporting kidney stones were obtained when using participant characteristics determined at year 20, with the exception of insulin resistance, which remained significantly associated with kidney stones in the fully adjusted multivariable model (p ϭ 0.01).
Kidney Stones and Subclinical Atherosclerosis at Year 20
When minimally adjusted for age, gender, race and clinic, greater carotid wall thickness, particularly of the internal carotid/bulb region, was associated with a reported history of symptomatic kidney stones (table 3, model A). When additional atherosclerotic risk factors (hypertension, blood pressure, cholesterol, insulin resistance, renal function) ascertained at baseline (model B) or year 20 (model C) were added as covariates to the regression model, there was some attenuation of the apparent relationship between kidney stones and common and internal/ bulb IMT, but the association with internal/bulb IMT remained significant. Similar results were obtained when carotid IMT was analyzed according to quartiles using polychotomous logistic regression (see figure) . There were no significant differences in the carotid IMT-symptomatic stone disease association according to race or gender for common carotid thickness or bulb/internal carotid thickness (data not shown).
Kidney stones were associated with a nonsignificant increased risk of carotid stenosis (table 4) . When a composite binary outcome of carotid atherosclerosis was defined as the presence of stenosis and/or upper quartile of bulb/internal IMT, a history of kidney stones was associated with a significantly increased 1.6-fold increased risk of carotid atherosclerosis. The association between kidney stones and the composite outcome of carotid atherosclerosis remained significant even after adjusting for all ma- Carotid IMT was analyzed according to quartiles using polychotomous logistic regression.
jor atherosclerotic risk factors. In a prospective analysis considering the relationship between kidney stones that occurred at year 15 or earlier (in 153 patients) and the occurrence or progression of carotid atherosclerosis at year 20, the association findings were similar to those presented in tables 3 and 4 (data not shown).
DISCUSSION
In a community based study of young to middle-aged white and African-American adults, a history of kidney stones was associated with carotid wall thickness, particularly of the internal carotid/bulb region, and also with a composite measure of carotid stenosis and internal carotid wall thickness. The association between kidney stones and subclinical vascular disease in community dwelling younger adults from the CARDIA study adds further support to the notion that nephrolithiasis and atherosclerosis share common systemic risk factors and/or pathophysiology. We also found that white participants had a several-fold higher rate of kidney stone formation than African-American participants, consistent with other reports.
2,15,16
The partial attenuation of the association between kidney stones and subclinical atherosclerosis after adjustment for the full set of vascular risk factors suggests that atherosclerosis and nephrolithiasis may operate in part through multiple, shared pathogenic mechanisms. These may include vascular endothelial injury, and altered calcium, cholesterol and/or glucose metabolism. In young adults from the CARDIA study age, male gender, dyslipidemia, uric acid and insulin resistance at the baseline or year 20 examination were associated with a history of kidney stones by year 20. These findings are consistent with those of recent studies reporting associations between kidney stones and traditional atherosclerotic risk factors including hypertension, diabetes mellitus, dyslipidemia and obesity. [3] [4] [5] 17, 18 Taken together these observations further strengthen the evidence of a link between nephrolithiasis and systemic atherosclerosis and its risk factors. The apparently stronger association between kidney stones and internal carotid vs common carotid wall thickness noted in the CARDIA study may be noteworthy. Common carotid IMT is a relatively pure measurement of wall thickness and is less indicative of stenosis than internal/bulb IMT. Thus, kidney stones may be specifically or preferentially associated with raised atherosclerotic lesions as opposed to wall thickening. Confirmation of these findings through additional studies involving a larger number of individuals with subclinical measures of carotid disease is required.
On the basis of several lines of evidence, including kidney stone cholesterol content, histological examination of points of attachment for stones in the renal papilla and renal blood flow changes based on sleep position which appear to effect the laterality of stone disease, it has been hypothesized that the precipitating factor may be vascular in origin, and is localized to the vasa recta of the urinary papilla. 6 However, controversy exists whether the collecting ducts rather than the vasa recta represent the true anatomical point of attachment for forming stones. 19 Therefore, additional study is required to clarify whether the pathogenic similarities between an atherosclerotic plaque and nephrolithiasis suggest a vascular origin of kidney stone formation as an alternative to the shared risk factor model. Strengths of our study include the large sample size, population based sampling of young adults without a significant burden of clinical CVD and the availability of several subclinical disease measures as atherosclerotic outcomes. However, several possible limitations should also be noted. Kidney stones were ascertained by self-report and, therefore, may be subject to measurement error or recall bias. However, self-report of stones has been reported to be more than 95% accurate in other studies. 8 Moreover because of the longitudinal nature of the CARDIA study we were able to confirm a high rate of reproducibility of self-reported kidney stones among participants who had an opportunity for a second confirmatory report.
Another potential limitation of our study is that our ability to detect associations with coronary atherosclerosis may be limited due to the extent of atherosclerosis present in younger to middle-aged adults. It should also be noted that the presence of subclinical atherosclerosis was not assessed at baseline in the CARDIA study. Thus, it is difficult to draw conclusions on the temporal association between kidney stones and atherosclerosis. Nonetheless we were able to perform a prospective analysis by restricting the number of kidney stone cases to those that occurred or were reported before the measurement of carotid and coronary atherosclerosis. Although the prospective analysis was limited by the smaller number of kidney stone cases, the qualitative similarity of the results to the full crosssectional year 20 analysis is consistent with kidney stones appearing before atherosclerosis or at least concurrently with atherosclerosis.
While adjustment was performed for major cardiovascular risk factors, residual confounding may account for some of the observed associations between kidney stones and atherosclerosis. Therefore, additional studies are warranted. These studies should include not only more detailed longitudinal assessment of the occurrence of kidney stones, vascular risk factors and atherosclerotic disease, but also analysis of population based samples of older adults with greater atherosclerotic disease burden, and large numbers of clinical end points such as myocardial infarction and stroke.
CONCLUSIONS
We demonstrated that kidney stones are associated with subclinical atherosclerotic disease in young to middle-aged adults. We hypothesize that kidney stones and atherosclerosis tend to occur together because of shared pathogenic mechanisms (vascular injury and inflammation, calcification) and risk factors (hypertension, altered cholesterol and/or glucose metabolism). Further study of the link between nephrolithiasis, and subclinical and clinical CVD, as well as their associated metabolic risk factors, could shed further light on the etiology of kidney stone formation and systemic disorders of calcium metabolism, and future novel therapeutic interventions for both disorders. In addition, there could be important public health implications for patients with kidney stones with respect to cardiovascular risk assessment.
